The expression of aldehyde dehydrogenase 1A1 (ALDH1A1) is increased in several human tumors, including colorectal carcinoma (CRC). The aim of this study was to compare the expression ALDH1A1 in CRC tumor tissue compared with non-tumor adjacent tissue (NAT), using immunohistochemistry (IHC), and to determine whether the expression of the ALDH1A1 protein was associated with prognostic factors in CRC.
Background
Colorectal cancer (CRC) is a common and malignant tumor of the gastrointestinal tract. In China, CRC is among the five most common cancers and is the fifth leading cause of cancer-related death [1] . The main treatment for CRC is surgery combined with systemic or local chemotherapy and radiotherapy. However, tumor recurrence in patients with CRC is common. The key to reducing mortality and improving the survival rate for patients with CRC is early detection, early diagnosis, and early treatment. Therefore, molecular studies of the expression of novel genes, and their protein products, which are associated with CRC may lead to improved diagnostic and prognostic biomarkers, or provide novel targets for treatment.
Previous studies have shown that aldehyde dehydrogenase (ALDH) can serve as a molecular marker for normal or cancer stem cell [2] . Further studies have shown that an isoform of ALDH, aldehyde dehydrogenase 1A1 (ALDH1A1), shows increased expression in bone marrow-derived hematopoietic progenitor cells and neural stem cells, and could be the key member of the ALDH family that can be used to identify stem cell populations [3] . ALDH1A1 is produced mainly by human liver tissue. Retinoic acid, a main product of ALDH1A1, can enter the nucleus to modulate gene transcription, thereby regulating cell proliferation and differentiation, and might also regulate cancer stem cell proliferation and differentiation [4] .
Previously published studies have shown that detection of expression of the ALDH1A1 protein can be used as a cancer stem cell marker for CRC, breast cancer, lung cancer, and other malignant tumors [2, [5] [6] [7] . However, the clinicopathological significance of expression of the ALDH1A1 protein in human cancer remains unclear.
Therefore, the aim of this study was to evaluate the expression of the ALDH1A1 protein in human CRC tissues, and compare the expression with non-tumor adjacent tissue (NAT), also known as normal tissue adjacent to the tumor, using immunohistochemistry (IHC), and to determine whether ALDH1A1 might be a potential prognostic biomarker in CRC. The study used tissue samples from a cohort of 424 patients with CRC and 196 matched NATs, prepared as tissue microarrays (TMAs). The study also aimed to investigate whether there were any associations between ALDH1A1 expression and patient clinicopathologic features and with any independent prognostic factors affecting long-term patient survival in CRC.
Material and Methods

Ethical approval and patient consents
This study was approved by the Ethics Committee of The First Affiliated Hospital of Jinzhou Medical University, China. Informed consent was obtained from all patients who participated in the study.
Patients and tissue samples studied
Colorectal tumor tissue samples were obtained from surgical resection specimens removed during radical surgery for the treatment of colorectal cancer (CRC), including regional lymph node dissection. All patients included in the study were general surgery patients who were treated at The First Affiliated Hospital of Jinzhou Medical University, China, from June 2008 to November 2011, with the approval of the Science and Education Department of the hospital and the consent of the Director of the Pathology Department.
Experimental tissue samples were selected from formalinfixed paraffin-embedded (FFPE) specimens from 424 patients who were diagnosed with CRC, with 196 cases of non-tumor adjacent tissue (NAT), which were taken more than 2 cm beyond the tumor margin and were selected as study controls. All specimens and tissue sections were examined by an experienced histopathologist who confirmed the diagnosis of CRC in the samples and confirmed that the NAT tissue samples were tumor-free.
None of the patients included in the study had undergone chemotherapy or radiotherapy before surgical resection. Clinicopathological data collected for each patient in the study included age, gender, tumor location, tumor grade, tumor size, and tumor, node, metastasis (TNM) stage at surgery. The TNM staging was undertaken according to the American Joint Committee on Cancer (AJCC) staging manual (eighth edition). Patients who were included in the study had postoperative follow-up, and the details and dates of any postoperative recurrence of CRC, morbidity, or mortality were recorded.
Preparation of tissue microarrays (TMAs)
Tumor sections were screened by two pathologists and paired tissue blocks were selected, as previously described by Hedberg et al. [8] . A manual tissue array instrument was used to arrange tumor tissues and matched NAT control samples. Tissue sections were obtained from the prepared TMAs. The expression of aldehyde dehydrogenase 1A1 (ALDH1A1) protein was detected using immunohistochemistry. Tissue sections were deparaffinized and rehydrated using xylene and alcohols, and incubated in 3% diluted hydrogen peroxide to block endogenous peroxidase. Antigen retrieval was performed using an autoclave method, followed by incubation with the primary antibody overnight at 4°C in a high humidity cabinet. The primary rabbit anti-ALDH1A1 polyclonal antibody (clone No. ab52492) (Abcam, Cambridge MA, USA) was used at a dilution of 1: 400 in phosphate-buffered saline (PBS). The secondary horseradish peroxidase (HRP)-conjugated antibody (Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China) was used according to the manufacturer's instructions. Negative controls used included replacing the primary antibodies with PBS. After washing with PBS, tissues were incubated for 30 minutes at room temperature (37°C). The chromogen used was 3,3'-diaminobenzidine (DAB) (brown) (Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China). Tissue sections were lightly counterstained with hematoxylin, washed, and mounted with glass coverslips, ready for evaluation using light microscopy and photomicroscopy.
Evaluation of ALDH1A1 protein expression by IHC staining
The expression of the ALDH1A1 protein in colorectal tissue sections was scored using a visual coring system. The IHC scores were obtained by light microscopy as the staining intensity (scored from 0-3) multiplied by the percentage area of positive immunostaining within the visual field (scored from 0-4). Two experienced pathologists independently scored the immunostaining light microscopy. A third pathologist scored the slide if the initial two scores did not match. Immunostaining for the intensity of ALDH1A1 protein expression was scored as: 0 (no staining); 1 (weak staining); 2 (moderate staining); or 3 (strong staining). The percentage area of positive immunostaining, within the visual field, were scored as: 0 (<5%); 1 (5-25%); 2 (26-50%); 3 (51-75%); or 4 (>75%). The cut-off value for high versus low expression of the ALDH1A1 protein was determined using receiver-operating characteristic (ROC) curve analysis and SPSS statistical software, defining a final immunostaining score of >3.5 as 'high' ALDH1A1 protein expression.
Statistical analysis
All data were analyzed using SPSS version 20.0 software (Chicago, IL, USA). The Mann-Whitney U test was used for comparisons between the two groups, and the Kruskal-Wallis test was used to compare multiple groups. ROC curves were used to estimate the diagnostic accuracy of the tumor marker.
Survival curves were assessed using the Kaplan-Meier method. By constructing a Cox regression model, survival analysis was performed to calculate hazard ratios (HRs) and the associated 95% confidence interval (CI). Multivariate survival analysis was performed on the variables shown to be significant in the univariate analysis to identify the most significant independent prognostic factors for predicting survival. A P-value of <0.05 was considered to be statistically significant.
Results
Expression levels of aldehyde dehydrogenase 1A1 (ALDH1A1) in colorectal cancer (CRC) tissues and nontumor adjacent tissue (NAT)
Immunohistochemistry (IHC) analysis of the tissue microarrays (TMAs) showed that the expression of the aldehyde dehydrogenase 1A1 (ALDH1A1) protein was significantly increased in tissues containing colorectal cancer (CRC) when compared with non-tumor adjacent tissue (NAT). As shown in Figure 1 , cytoplasmic immunostaining of ALDH1A1 protein with various intensities was observed, from negative in normal tissues to strongly positive in CRC tumor tissues. Table 1 shows that the expression of the ALDH1A1 protein, using the light microscopic scoring system, was significantly increased in CRC tumor tissue samples compared with NAT (P <0.001).
Correlation of between clinicopathological variables in patients with CRC and the expression of the ALDH1A1 protein in tumor tissues
Following IHC immunostaining and scoring of staining intensity, the association between ALDH1A1 protein expression and the clinicopathological features of patients with CRC who provided tumor tissues are presented in Table 2 . In patients with CRC, increased expression of the ALDH1A1 protein was significantly associated with the presence of lymph node metastasis: 64.28% in N0 cases; 75.49% in N1 cases; and 82.14% in N2 cases, (P=0.002). No statistically significant correlation was found between increased ALDH1A1 protein expression and other clinicopathologic factors (P>0.05).
Univariate and multivariate survival analysis associated with expression levels of the ALDH1A1 protein in tumor tissue from patients with CRC
Patients with CRC with high expression of the ALDH1A1 protein in the CRC tumor tissue had a significantly reduced overall survival (OS) (P<0.001) (Figure 2 ). Univariate survival analysis assessed the prognostic value of clinicopathological features and ALDH1A1 protein expression (Table 3) 
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CRC tumor tissue correlated with the prognostic factors of tumor differentiation (grade), T status, N status, and M status. Multivariate analysis further confirmed that expression of the ALDH1A1 protein by CRC tumor tissue was an independent prognostic marker for patients with CRC (P<0.001) ( Table 3) . ALDH1A1 expression levels were not found to differ significantly based on patient age, gender, tumor location, or tumor size. Further analysis between subgroups was undertaken to determine whether ALDH1A1 expression was a prognostic marker for subgroups of the patients with CRC ( Figure 3 ). Patients stratified according to lymph node metastasis status (N status) at surgery showed that high ALDH1A1 expression was associated with poor prognosis in patients with no lymph node metastasis (N0). However, there was no significant correlation between ALDH1A1 protein expression and prognosis for patients presenting with lymph node metastasis (N1 and N2).
Discussion
Patient survival in colorectal cancer (CRC) requires early diagnosis, which depends on finding more sensitive and reliable diagnostic and prognostic biomarkers. Therefore, the aim of this study was to evaluate the expression of aldehyde dehydrogenase 1A1 (ALDH1A1), in CRC tumor tissue compared with non-tumor adjacent tissue (NAT), using immunohistochemistry (IHC). The findings of this study showed that the expression of the ALDH1A1 protein might have potential as a biomarker for predicting lymph node metastasis and prognosis in patients with a histological diagnosis of CRC.
The findings of the present study are supported by a study published in 2014, by Xu and colleagues, who studied the expression of ALDH1A1 in CRC using IHC, real-time polymerase chain reaction (PCR), and Western blot [9] . This previously published study showed that the R A/C , defined as a ratio of ALDH1A1 expression levels in adjacent normal tissue to ALDH1A1 expression levels in tumor tissue, reflected tumor invasion and metastasis, as patients with CRC tumors with R A/C <1 had significantly increased tumor invasion and metastasis compared with patients with R A/C ³1 [9] . The findings of this study indicated that R A/C was a potential predictive biomarker for prognosis in patients with CRC [9] .
However, other studies have found that the ALDH1A1 protein showed heterogeneous expression patterns using IHC staining of CRC tissues. Huang et al. found that the expression of ALDH1A1 was negative in some CRC tissues and positive in 29.3% of CRC tissues and that the cytoplasmic expression pattern of ALDH1A1 was highly variable, ranging from no staining to strong staining [10] . In this previously published study, approximately 20-50% of tumor cells were positive for any level of cytoplasmic ALDH1A1 expression [10] . In another large study, Deng et al. examined 1,287 CRC cases for ALDH1A1 expression by IHC, and showed that 987 (76.7%) of the tumor tissues were negative for cytoplasmic ALDH1A1 expression, and overexpression of ALDH1A1 (>25% positive tumor cells) was observed in the remaining 300 cases (23.2%) [11] .
Some previously published studies have shown that a small subset of patients with CRC tissues that showed nuclear expression of ALDH1A1 was associated with a significantly reduced OS when compared with patients with CRC tissues with cytoplasmic staining [5, 12] . In the present study, no nuclear ALDH1A1 protein expression was found, which is a finding supported by other studies, including that of Xu et al. [9] . This finding of the different intracellular localization of immunostaining may be due to differences in primary antibodies used, differences in tissue fixation and antigen retrieval methods or from the limited number of samples used in the present study. Therefore larger and more detailed further studies are required on the mechanism of expression of the ALDH1A1 protein in CRC.
Previously published studied have shown that ALDH1A1 overexpression was associated with poor clinical outcome in several types of tumor [2, [5] [6] [7] 11] . While the increased expression of the ALDH1A1 protein in CRC tissues has previously been shown to relate to clinicopathologic parameters such as tumor invasion depth, the prognostic value of ALDH1A1 expression remains controversial [11, 13, 14] . Lugli et al. studied tissues from 1,420 CRC tumors and showed that ALDH1A1 expression in CRC tumor tissues was not related to a significant difference in OS [15] . In the previously published study by Langan et al., increased expression of the ALDH1A1 protein showed a trend towards decreased patient survival, but this relationship did not show statistical significance (P=0.16) [13] . In this study, the expression level of the ALDH1A1 protein in tumor tissue was also significantly associated with the presence of lymph nodes metastasis in patients with CRC. Lymph node status is an important determinant of patient prognosis and survival. This relationship supports the view that high ALDH1A1 protein expression in CRC might be related to the development and progression of CRC. Further stratified analysis showed that there was a significant correlation between ALDH1A1 overexpression and shorter overall survival time for patients with CRC with no lymph node metastasis. AlDH1A1 was also found to be significantly correlated with tumor lymph node metastasis, indicating that this may be a critical predictor of metastasis in patients with CRC. Accurate tumor lymph node metastatic status is essential for successful surgical outcome, 
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and so tumor tissue ALDH1A1 levels may have important clinical implications for selecting the optimal method of surgery for patients with CRC.
The Wnt/b-catenin signaling pathway plays a vital role in tumor invasion, metastasis and differentiation, most notably in CRC [16] [17] [18] . Following Wnt activation, b-catenin translocates to the nucleus and works with coactivators in the T-cell and lymphoid enhancer (TCF-LEF) family to transcriptionally target genes [16, 18] . b-catenin is used as a supplemental biomarker in stratifying expression profiles of genes such as CD44, CD133, CD166, and ALDH1A1 in patients with CRC [19] [20] [21] [22] . Xu et al. found that significant nuclear translocation of bcatenin was present in CRC tissues with high ALDH1A1 protein expression [9] . ALDH1A1 is known to synthesize retinoic acid and regulate its signaling [32] . Cross-talk between the Wnt/b-catenin signaling pathway and the retinoic acid signaling pathway has been previously reported [24] [25] [26] [27] [28] [29] [30] . Therefore, it may be assumed that the expression of the ALDH1A1 protein might affect tumor invasion and metastasis via the Wnt/ b-catenin signaling pathway to influence the prognosis of CRC. However, this hypothesis requires evaluation by future studies.
This study had several limitations. The cut-off values used to define a high level of ALDH1A1 protein expression using IHC, when light microscopy rather than image analysis methods are used, vary between studies and may contribute to the observed differences in the findings of the present study and those of other studies. The evaluation of immunostaining and defining and detecting the cut-off for high and low expression using IHC are required. Future studies should be undertaken to confirm the preliminary findings of this study, In the present study, the prognostic value of expression of the ALDH1A1 protein was investigated using a single polyclonal antibody in a single IHC method in CRC tissues. The ALDH1A1 protein was highly expressed in 294 of 424 (69.34%) of CRC tumor tissues, and the Cox regression model showed that increased ALDH1A1 expression was an independent factor in predicting overall survival (OS) time for patients with CRC. The findings of this preliminary study support the need for further studies to evaluate the role of ALDH1A1 as a prognostic or predictive biomarker of the clinical outcome for patients with CRC.
Conclusions
The findings of this study, using immunohistochemistry (IHC), showed that aldehyde dehydrogenase 1A1 (ALDH1A1) protein overexpression was significantly correlated with colorectal carcinoma (CRC) metastasis to regional lymph nodes and that ALDH1A1 overexpression was an independent prognostic factor for patients with CRC, especially in patients with no lymph node metastases.
